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ABSTRACT 
FM Radio Signal Propagation Evaluation and Creating Mathematical Models for Signal Strength 
Prediction in Differing Topographic Environments 
by 
Timothy Warren Land 
 
Radio wave signal strength and associated propagation models are rarely analyzed across 
individual geographic provinces. This study evaluates the effectiveness of the Radio Mobile 
model to predict radio wave signal strength in the Blue Ridge and Valley and Ridge 
physiographic provinces. A spectrum analyzer was used on 19 FM transmitters to determine 
model accuracy. Statistical analysis determined the significance between different terrain factors 
and signal strength. Field signal strength was found to be related to test site elevation, transmitter 
azimuth, elevation angle, transmitter elevation, path loss, and distance. Using 76 signal strength 
receiver sites, Ordinary Least Square regression models predicted signal strength with 60% of 
variability explained in the Valley and Ridge province model and 43% of variability explained in 
the Blue Ridge province model.  Region-specific statistical models were more accurate in 
determining a region’s transmitter placement and level of power for broadcasting compared to 
generic computer models. 
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CHAPTER 1 
INTRODUCTION 
 
          Radio wave propagation modeling is vital to the field of mass communication. Wireless 
communication companies rely on radio wave propagation models to determine the best 
locations to place their cellular towers. The same is true of commercial broadcast radio. 
Broadcasters wish to place transmitters in the best possible locations to reach the most number of 
people. The rate of new FM (Frequency Modulation) broadcasting stations coming on air 
increases annually. Since the airwaves are becoming increasingly congested (Rusmandel 2016), 
the importance of knowing a transmitter’s ability to reach a listening audience is heightened. 
There are several methods for determining signal strength of radio waves in terrestrial 
environments. Many computer programs exist that run propagation models for determining the 
reach of a radio signal as well as estimated signal strength at any location. This study analyzes 
the effectiveness of the Radio Mobile computer program based on the Longley Rice irregular 
terrain model (ITM) and also details the creation of unique statistical models for two geographic 
settings.  
The Longley Rice Model 
          Research into radio propagation predictions was undertaken by the National Bureau of 
Standards, Central Propagation Labs (CRPL), where, in 1968, Phillip Rice and A.G. Longley 
pioneered the work that led to a computer program that was designed to predict radio path 
performance. This is often referred to as the Longley-Rice propagation model, or the Irregular 
Terrain Model (ITM) (Andrews 2016). 
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          The Longley-Rice model predicts long-term median radio transmission loss over irregular 
terrain. This model is based on widely accepted propagation theory and has been tested with a 
great number of propagation measurements (Longley and Rice 1968). Propagation theory states 
that radio waves, a type of electromagnetic radiation, are affected by phenomena such as 
refraction, reflection, absorption, diffraction, scattering, and polarization. The method can be 
used with detailed terrain profiles to determine actual signal paths or it can be used with profiles 
that represent the average terrain over a particular area. Programs that use the Longley-Rice 
method to compute propagation models include Splat! Terrestrial RF Path Analysis Application, 
Cloud RF, Nautel, and Radio Mobile. Radio Mobile propagation software was chosen as the 
platform for the Longley-Rice analysis in this study because of its frequent use in other 
propagation studies.   
 Radio Mobile was developed by Roger Coude, licensed radio amateur callsign VE2DBE. 
The software is dedicated to amateur radio and humanitarian use and can be found and 
downloaded at http://www.ve2dbe.com/english1.html. Radio Mobile’s mathematical model is a 
combination of the Longley-Rice model and land cover path loss estimation.  The program 
calculates free space path loss, and any excess path loss due to obstruction, forest, or urban land 
cover. It evaluates the terrain between transmitter and receiver, and automatically adjusts for 
presence of urban and forest landcover. The application of land cover in Radio Mobile is based 
on a combination of empirical methods and wave theory (Welling 2017). Parameters of canopy 
height and buildings are estimated between a transmitter and receiver when running a model. 
Considering the 1 km resolution of world land cover, the model is best suited for 
communications systems with large coverage areas such as broadcast commercial radio (Welling 
2017). 
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          The Longley-Rice model and Radio Mobile are designed for frequencies ranging from 20 
MHz to 20 GHz where terrain plays an important role in radio signal propagation and models the 
variability of received signal strength due to changing atmospheric conditions and variability in 
terrain (Hufford et al. 1982). The ITS Irregular Terrain Model is applicable in two modes, point-
to-point, and area prediction. Point-to-point mode requires detailed data that describes the 
propagation path. The input is comprised of specific path parameters (transmitter power, 
transmitter height, frequency, location, surface refractivity, ground conductivity, receiver 
location, elevation, and sensitivity) (see section 2.3). Area prediction mode requires little to no 
information on a particular propagation path because the model itself provides the necessary 
statistics (Hufford et al. 1982). Both propagation modes use nearly identical algorithms and the 
same parameters used in point-to-point mode are also used in area prediction mode. 
Other Propagation Model Studies 
         There are relatively few examples in the literature that document radio propagation models 
using GIS (Fry 2005; Remartinez 2009; Kasampalis et al. 2014; Andrews 2016). Remartinez 
(2009) developed an FM broadcast coverage prediction model in Peru by combining spatial 
relationships of transmitter power, radio wave power, and distance traveled by the wave in 
relation to elevation change. Coordinate locations, radio frequencies, and power of signal were 
used for antenna data. Boundaries and districts were used for administrative data, and a digital 
elevation model (DEM) was used to incorporate terrain conditions. Effective Isotropic Radiated 
Power (EIRP), which is the measured radiated power in a specific direction, was determined by 
field calculations, a form of data pre-processing. EIRP was calculated by adding antenna power 
with antenna gain. 
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          Analysis methods included using the Longley-Rice prediction model for transmission loss 
over distance and terrain, and performing viewshed analysis for each transmitting antenna. The 
model was successful at predicting coverage area of sixteen FM transmitters, however, there 
were limitations. It is unclear whether elevation values were representative of ground elevation, 
antenna height, or a combination of ground elevation and antenna height. Additionally, the exact 
transmitter locations were unknown. 
          Telecommunications companies such as AT&T, Nextel, and Pacific Bell have 
implemented GIS network planning to aid in building and expanding their infrastructure (Fry 
2005). Planners realized that variables such as topography, population density and future 
population trends were significant considerations when choosing a transmission method. In the 
1990’s, GIS-based analysis became an important part of planning for cellular networks. Mobile 
phone carriers used propagation models to determine the best sites for building transmitters (Fry 
2005). Since terrain and obstacles such as buildings and vegetation affect radio waves, engineers 
prefer potential transmitter sites that are higher than the surrounding terrain and away from 
substantial sized objects such as buildings and trees.   
          Vodafone Ltd., a United Kingdom mobile phone service provider, used GIS to target new 
markets and plan future networks (Fry 2005). The company created its own graphic tool, used in 
conjunction with other software, to combine network planning and marketing activities. Most 
notably, Vodafone overlaid network and population data to reveal areas of significant 
populations with poor signal coverage where new customers could be gained (Fry 2005).  
          A study was performed by Kasampalis et al. (2014) in which a variety of propagation 
models were tested for digital television (DVB-T) stations in Greece by using the Longley Rice 
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model (Radio Mobile), Hata-Davidson model, and ITU-R 1546-5 propagation model. The 
models were tested by performing measurements with a Rohde & Schwarz FSH-3 portable 
spectrum analyzer. Results showed that the Longley-Rice model was the most accurate of the 
ones used, but was also the most computationally intensive. The ITU-R 1546-5 model became 
increasingly inaccurate at greater distances, while the Hata-Davidson model, although more 
accurate than the ITU-R 1546-5 model, could be improved by using different approximations for 
land and sea paths (Kasampalis 2014). 
          Andrews (2016) used Radio Mobile for signal propagation modelling and calculating 
signal strength of a Boulder, Colorado TV repeater transmitter and performed a field survey with 
a spectrum analyzer. In the field survey there were over 150 locations where field strength data 
was recorded. The first analysis of data was to determine excess signal loss over predicted loss 
by the equation that determines free space path loss. The second analysis compared received 
signal strength (dBm) predicted by Radio Mobile with actual field measurements. Data was split 
into three groups; line-of-sight, rural, and urban. Results of the analysis revealed information 
concerning obstructions in a particular signal path and concluded that Radio Mobile gives 
statistical estimates of path loss but does not give absolute answers. 
            Generally, the Received Signal Strength (RSS) from the transmitted signals are measured 
at different locations before planning a radio network environment (Popoola et al. 2017). The 
terrain over which radio signals travel has significant effect on the signal strength. Mountainous 
terrain can obstruct the path of signal propagation. Long wave bands travel best over sea, marshy 
or damp ground where the terrain is more conductive. Drier terrains tend to weaken signal 
strength with distance (Isabona and Konyeha 2013).  However, the relationship of radio signal 
strength with respect to mountainous terrains is underrepresented in current literature, and there 
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are no examples in the published literature that studied FM signal strength prediction using a 
statistical approach.  
Objectives 
          This study analyzed the variation of radio wave signal strengths in two different 
mountainous terrains and had three objectives: 
(i) To compare predicted signal strengths of selected FM radio stations in mountainous 
terrains produced by Radio Mobile software to actual signal strengths recorded in the 
field by a spectrum analyzer,  
(ii) To determine which terrain variables most influence received signal strength of FM 
radio waves in differing topographic settings, 
(iii) To develop statistical models to predict FM radio signal strength using various terrain 
factors.  
Study Area 
          The study area spans parts of Tennessee, Virginia, and North Carolina (Figure 1). This 
area was selected because of its diverse terrain and varied population centers. Within the study 
area are portions of the Valley and Ridge Physiographic Province (VRPP), and the Blue Ridge 
Physiographic Province (BRPP) (Figure 2). The VRPP consists of parallel valleys and ridges that 
trend northeast - southwest. In the transverse direction, this area is a rolling landscape. There are 
a great number of ridges in the VRPP that vary in height and sharpness (Rodgers 1953). The 
BRPP, in North Carolina, contains high mountain ranges, some of which surpass 1500 m in 
elevation. Local relief exceeds 900 m elevation and there are complex patterns of deep basins 
and valleys that cut through the mountains (Hack 1982). The VRPP section of east Tennessee 
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and southwest Virginia is characterized by moderate climate with four distinct seasons. Both the 
highest and lowest rainfall totals for Tennessee are found in east Tennessee because of a rain 
shadow effect caused by the topography of the Cumberland Plateau to the west and Appalachian 
Mountains to the east (Logan 2018). The BRPP has some of the most varied weather in the 
southeast U.S. because of its mountains. Asheville sees average daytime temperatures of 8° C in 
January to 29° C in July with an annual precipitation of 94 cm and an average yearly snowfall 
total of 33 cm. Spring can bring anything from snow to heat waves, summer brings afternoon 
thunderstorms and tropical systems, while fall is cool and dry. Winter is cool and wet with snow 
common (Pantas 2018). 
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Figure 1. Location of study area   
 17 
     
 
Figure 2. Terrain differences of the Blue Ridge and Valley and Ridge physiographic provinces, 
illustrated using hillshade of the 30 m DEM 
 
 18 
     
          The study area contains urban and rural population centers. The largest city within the 
study area is Knoxville, Tennessee with a population of 183,006, as of December 2016 (U.S. 
Census Bureau 2016). Other metropolitan centers include Asheville, North Carolina (population 
89,121) and the Tri-Cities area of Tennessee/Virginia which includes the cities of Bristol, 
Virginia (population 17,835); Bristol, Tennessee (population 26,702); Johnson City, Tennessee 
(population 63,152); and Kingsport, Tennessee (48,205). This region contains diverse 
topography making it suitable for studying radio propagation models across varied terrain.  
Transmitter Class 
          There are eight different classes of FM transmitters (Class A, C, C0, C1, C2, C3, D and 
L1) in the study area as specified by the Federal Communications Commission (FCC) (Table 1).  
The C-Class (C, C0, C1, C2, C3) designations represent the highest distance projection and 
therefore provide the greatest signal coverage, and were used in this study. There are 19 C-class 
transmitters, 10 in the VRPP and 9 in the BRPP within the study area. Table 1 also lists reference 
facilities for station class, ERP and HAAT, which are transmitter power, and height above 
average terrain, respectively, and the average distance the signal can be received. 
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Table 1. Classes of FM stations and associated characteristics. (modified from the Federal 
Communications Commission (FCC) 
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CHAPTER 2 
METHODS 
          The methods section is divided into three major components (a) Radio Mobile analysis and 
comparison with field measurements, (b) analysis of terrain factors affecting radio wave signal 
strengths, and (c) preparation of the statistical model to predict radio wave signal strength.  
          The first component of the study included Radio Mobile signal strength comparison with 
field signal strength measurements.  The study evaluated radio signal coverage prediction results 
using point-to-point analysis in Radio Mobile for select FM radio stations in the BRPP and 
VRPP and compared the results by taking direct radio signal measurements at receiver field sites.  
The transmitter input data (geographic coordinates, elevation, transmit power, antenna height), 
radio climate data (surface refractivity, ground conductivity, relative ground permittivity) and the 
receiver input data (antenna height above ground, receiver sensitivity) were used to perform the 
model analysis (Figure 3). 
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Figure 3. Experimental methods 
 
Selection of Transmitters and Test Site Locations 
          The following method of selecting test site locations for each transmitter is unique to this 
study and has not been incorporated in any past propagation research.  
          Each transmitter’s coverage area is divided into four quadrants with the transmitter being 
at the convergence of the four. Each quadrant is referred to as the direction from each transmitter 
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(NE, NW, SW, SE), and one test site from each quadrant with distances of 25 km (± 3), 50 km (± 
5), 75 km (± 3), and 100 km (± 7) was selected for Radio Mobile Point to Point coverage and 
field validation (Figure 4). Due to road networks and accessibility, it was not possible to have all 
test sites to be exactly 25, 50, 75, or 100 km from their respective transmitters, therefore, it was 
necessary to have an acceptable ± range at the designated distance levels.  For 19 transmitters a 
total of 90 data receiver collection sites were occupied; N=40 for VRPP and N=50 for BRPP.   
 
Figure 4. A. One test point was selected for each quadrant with the quadrants centered on a 
transmitter location. B. Call letters and assigned frequencies of selected transmitters 
 
Further considerations on test site location selections are listed below.  
 Ease of access - For completion of testing in a timely manner, and for safety, many of the 
sites chosen were in business parking lots. This was done by using Google Earth Pro’s 
zoom feature and Street View imagery. Accessing private property requires gaining 
permission from property owners, which is not guaranteed and time consuming, and was 
avoided.  
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 Quadrant consideration - All test site locations were chosen to be in the BRPP or VRPP. 
Stations whose 100-km coverage map extended into a physiographical province other than 
Blue Ridge or Valley and Ridge were not used. 
Radio Link Point to Point Model Input 
         Radio Link mode is a feature in Radio Mobile that takes terrain data, transmitter data, and 
receiving location data as input, and makes a prediction on the signal strength (dBm) of a radio 
signal at a given location.  For the 19 FM transmitters used in this study, a total of 90 point-to-
point analyses were performed (Figure 5).  The output provided a topographic profile between 
the transmitter and receiver location as well as numerical output data including predicted 
receiving strength (dBm) at the receiver location (Figure 6).  
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Figure 5. Locations where Radio Link analyses were performed and field signal strength was 
measured (Test Sites)   
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Figure 6. A point-to-point radio-link prediction window for the WETS-FM station, from a 
designated receiver site 
 
 Radio signals, broadcasting from an FM transmitter, are reliant on four factors;  
transmitter power, transmitter characteristics, signal travel path, and receiver sensitivity (Herrick 
2000). The more power a radio tower transmits, the farther its signal can travel. FM stations in 
the U.S. broadcast in powers from 1 watt to 100 kilowatts. The characteristics of transmitters 
include height above average terrain (HAAT), transmitter coordinates, and whether a transmitter 
is directional or non-directional. Receiver sensitivity can be defined as the measure of the ability 
of a radio receiver to demodulate and get information from a weak signal (Layne 2014). Signal 
path is highly variable and partially controlled by topography. Natural and man-made structures 
can hinder reception, such as mountains and buildings, if they are between the transmitter and 
receiver. The result often consists of fluttering and fading sounds when tuned to an FM station 
while travelling on roadways, especially in urban centers. Given an average receiver and 
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transmitting power, a receiving range may be up to 400 km over an all-sea path because of the 
conductivity of salt water. Given the same receiver and transmitting power, a signal over rocky, 
mountainous, non-conductive terrain may only extend out to 35 km. (Herrick 2000). To 
incorporate these and other variables, and to determine the reach of a radio transmitter, Radio 
Mobile software, with the Longley-Rice propagation model, was chosen because of its suitability 
for the FM broadcast band. Input parameters that were unique for each situation are shown in 
Figure 7. The following inputs were used in each point-to-point analysis for Radio Mobile model 
generation: 
a. FM transmitter power (obtained from FCC data): This is the level of power each 
transmitter is broadcasting, in watts. 
b. FM transmitter frequency (obtained from FCC data): Each transmitter’s frequency is 
recorded in MHz. 
c. FM Transmitter Height (obtained from FCC data): Each transmitter height is entered 
as meters. 
d. FM Transmitter Location (obtained from FCC data): This is the geographic 
coordinates of each FM transmitter.  
e. Surface Refractivity (suggested by Radio Mobile): This is a measure of air refractivity 
above the ground. Atmospheric refractivity is always changing due to changes in 
density and air temperature, and so radio waves do not travel in a straight path, but 
are slightly curved. The default value of 301 N-units was used for surface refractivity. 
f. Ground Conductivity (obtained from FCC): FM frequencies are only minimally 
affected by ground conductivity; however, it is included in the model and ground 
conductivity is expressed as S/m (Siemens per meter). 
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g. Climate: In all cases, a Continental Sub-Tropical climate was selected based on 
location of the study area and choices available in Radio Mobile. 
h. Receiver Location (chosen by user): This is the geographic coordinates of each test 
site. 
i. Receiver Height Above Ground (chosen by user): In each test case, the receiver 
antenna was placed at 2 meters above ground level. 
j. Receiver Sensitivity (chosen by user): An average sensitivity of 1.5 uV was chosen 
for all cases since many automobile factory radios have a sensitivity range from 1.0 to 
1.5 uV. 
 
 Figure 7. Spatial inputs and outputs used in the Radio Link analysis. Elevation angle and 
distance are outputs 
 
  
These input data were used to create a prediction of signal strength, in dBm, of selected FM 
transmitters at the chosen locations. 
  
Radio Link Point to Point Model Output 
          The following data were generated for each of the field test site locations by Radio Mobile 
software in Radio Link mode from the previously mentioned input variables.  Radio Link mode 
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displays output data two ways: visually and numerically. A topographic profile is produced for 
each radio link along with the output parameters: 
 Azimuth (°) - Calculated antenna azimuth from transmitter to receiver. The calculation is 
derived from latitude and longitude of each transmitter and its four corresponding test 
sites.  
 Path Loss - Total path loss, reduction of power in dB, between transmitter and receiver.  
 Elevation Angle - This is the angle at which the signal leaves the transmitter. 
 E-Field - The signal level in dBuV/m used for broadcast radio calculations and coverage 
plots.  
 Receive Level (dBm) - Predicted received signal strength level calculated in dBm. 
 Distance - Distance between transmitter and receiving site. 
 Rx (relative) - Calculated signal level above receiver threshold. This number is the fade 
margin (difference between received signal strength and receiver sensitivity) of the path. 
Field Data Collection 
          To compare the accuracy of the Radio Mobile software, field measurements were taken by 
traversing area roads with the RF Explorer spectrum analyzer. The RF Explorer was used in 
conjunction with the Touchstone software program installed on a laptop. Touchstone software 
takes data collected from the spectrum analyzer and displays, in real time, the current RF 
environment on the laptop screen (Figure 8). While tuned to a specified frequency range, the 
system scans and samples the signal strength, in dBm, of received signals. Two color-coded 
traces are displayed (Y-axis represents signal strength (dBm) and X-axis represents frequency in 
MHz). The Current trace (green) displays signal strength data from the most recent scan. The 
Maxima trace line (red) displays the maximum signal strength for a particular frequency since 
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the beginning of a scan session. The active trace displays data in real-time as the spectrum 
analyzer is actively scanning. At every test site location, the spectrum analyzer was allowed to 
scan for 20 seconds, after which the value (dBm) at the peak of the Maxima trace line for a 
particular frequency was recorded.    
Figure 8. Screen readout from Touchstone Software. Arrow is pointing to the maximum signal 
strength of WTFM-FM 98.5 from a test site location 
 
 
          A total of 90 field signal strength data were collected of which 76 were kept for model 
comparisons and statistical model building, and 14 data were set aside for model validation. For 
consistency, the spectrum analyzer was held 2 meters above ground level for all 90 sites (Figure 
9). 
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Figure 9. Field data collection showing spectrum analyzer held at 2-meter mark. Image at right 
shows the RF Explorer spectrum analyzer 
 
Comparing Radio Mobile Output with Test Site Signal Strength 
 
          After all models were run and all signal strength field measurements were taken, the 
difference between Radio Mobile model (Longley-Rice) receiving strength prediction and actual 
field measurement, along with average difference and standard deviation, were computed to 
compare the Radio Mobile model output with the field data. Differences between the signal 
strength in the BRPP and VRPP, and differences in signal strength with respect to distance from 
transmitters were further evaluated, visually with box plots, and statistically, using the non-
parametric Kruskal-Wallis test and Mann-Whitney U-test for post-hoc analysis in SPSS 23 
(IBM, 2015). Using the statistical results, it was possible to determine how different topographic 
settings and distances from the transmitters affected the Radio Mobile signal strength prediction. 
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Factors Affecting Signal Strength 
         Factors considered to have potential effects on radio wave signal strength include: 
 ERP (transmitter power), equivalent to the input power of the transmitter multiplied by 
the gain of the transmitter. 
 AMSL (elevation of the transmitter’s base). 
 Transmitter azimuth Compass heading of the transmitter’s strongest signal. 
 Test site elevation (meters above sea level). 
 Elevation angle (elevation of each FM transmitter relative to the elevation of each test 
site. It is the angle of the arrival of radio waves relative to the Earth’s surface. 
 Distance between transmitter and each test site. 
 Interaction between distance and transmitter power.    
SPSS software (IBM, 2015) was used for descriptive statistical analysis.  Further, Kolmogorov–
Smirnov and Shapiro and Wilks tests of normality were performed to identify the pattern of data 
distribution. Correlation between the signal strength and related factors were analyzed using 
Pearson’s correlation coefficient or Spearman’s Rho for normally or not-normally distributed 
data. Ordinary Least Squares (OLS) regression models were developed to assess the relationship 
between factors that have statistically significant effects on radio wave signal strength. 
Model Validation 
          Fourteen signal strength data and their related factors were set aside for the purpose of 
model validation.  Out of fourteen sites, seven were randomly chosen from the BRPP and seven 
were randomly chosen from the VRPP. After selecting the transmitter and the underlying factors, 
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Radio Mobile Link to Link analysis was performed for each test site and signal strength readings 
were acquired.  
          After models were run and signal strengths were acquired in the field, OLS model 
equations in the previous section were tested with the appropriate input variables. Equations 
specific to each physiographic province were applied first, then the equation formed for the 
whole study area was applied to all 14 test sites and the actual field signal strength data were 
plotted against predicted signal strength.  The residuals were analyzed for presence or absence of 
any inherent trend.   
Using GIS for Signal Strength Prediction 
          ArcGIS 10.4 was used for visualizing a signal strength prediction surface using the OLS 
model equation for any location previously mentioned in section 2.7. For this, the transmitter 
location and its attributes, and the four test sites for WETS-FM, along with its attributes, were 
used. A digital elevation model (DEM), using the same SRTM 1 arc-second data used in Radio 
Mobile, was created using the Mosaic to New Raster Tool. Buffer rings from 10 km to 100 km 
were created around the transmitter point. To incorporate the buffer rings to be used for distance, 
they were transformed into a raster layer with the Polygon to Raster Tool. The raster calculator 
was then implemented to develop the OLS model equation. 
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CHAPTER 3 
RESULTS 
Signal Strength Comparison 
          The Radio Mobile software produced signal strengths that ranged from -115.3 dBm to        
-15.8 dBm with an average of -62.7 dBm (See Appendix B). The signal strength data collected in 
the field ranged from -105 dBm to -43 dBm with an average of -85.6 dBm. Signal strength of 
radio waves are measured as -dBm (decibel-milliwatts), and is referenced to the watt. Negative 
signs are placed in front of the values because they represent small, positive numbers on a 
logarithmic scale. At test site locations approximately 25 km from their transmitters, the mean 
signal strength was -73.4 dBm with a standard deviation (S.D.) of 24.5 ± 60. At locations 
approximately 50 km distant, the mean signal strength was -82 dBm with a S.D. of 11.5 ± 42. At 
locations approximately 75 km distant, the mean signal strength was -94.3 dBm with a S.D. of 
8.7 ± 34. At locations approximately 100 km distant, the mean signal strength was -92.9 dBm 
with a S.D. of 11.3 ± 29 (Table 3).  Using box plots, the actual signal strength vs. predicted 
signal strength was compared, at all distances in both physiographic provinces.  When 
comparing actual signal strength vs. predicted signal strength, it was found that at all distances in 
both geographic regions, Radio Mobile output overpredicted the signal strength (Figure 10).   
Figure 11 shows Radio Mobile’s signal strength predictions compared to field measurements at 
varying distances according to field measurement sites separated by physiographic province. For 
field test sites in the BRPP and VRPP, the models had greater differences in predicting signal 
strength at 25 km as opposed to 100 km from a transmitter. BRPP test sites showed greater 
difference in signal strength predictions than VRPP test sites.   When the box-plot data was 
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compared with Kruskal–Wallis non-parametric ANOVA tests, it was confirmed that signal 
strength using Radio Mobile (Chi-sq  (df  3)  =  32.22, p < 0.00) and field measurements (Chi-sq  
(df  3)  =  32.22, p < 0.00) were significantly different for distances ranging from 25 km to 100 
km.   However, comparison of the two physiographic provinces using the Kruskal–Wallis non-
parametric ANOVA tests indicated that signal strengths using both Radio Mobile and field 
measurements were not significantly different (Chi-sq  (df = 1)  =  0.98, p > 0.05). This 
confirmed that there was no significant difference in radio wave signal strength in the two 
physiographic provinces.   
 
Figure 10. Boxplots of signal strength (dBm) at various distances from 25 km to 100 km show 
that predicted signal strength is higher than the actual signal strength 
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Figure 11. Boxplots of signal strength (dBm) grouped by Blue Ridge and Valley and Ridge 
Provinces for distance ranging from 25 km to 100 km 
 Factors Affecting Signal Strength 
          Table 2 shows factors that have potential to affect radio wave signal strength. Factors in 
table 3 are grouped based on location (whole area, BRPP, VRPP).  
          There are seven factors that were found to affect signal strength (Table 2): 
  Effective Radiated Power (ERP) mean = 24.8 kW, min. = 0.265 kW, max. = 81 kW.   
 Transmitter elevation above mean sea level (AMSL) mean = 1127 m, min = 478 m, max. 
= 2056 m. 
 Transmitter azimuth mean = 147°, min. = 65.29°, max. = 244.29°. Rose diagrams were 
produced showing directionality of transmitter azimuths in the whole study area and each 
physiographic province (Figure 12). Most BRPP transmitters were found to be projecting 
their signals southeast while VRPP transmitters primarily projected their signals to the 
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northeast and southwest. These are towards population centers that the radio stations 
serve.  
 Path loss is the natural loss of signal strength through free space as a result of increasing 
distance from the transmitter. Mean = 135.3 dB, min. =98.3 dB, max. = 188 dB. 
 Elevation angle mean = 1°, min. = 0.024°, max. = 3.594°. 
 Distance between transmitter and test site location mean = 62 km, min. = 22.35 km, max. 
= 100.26 km. 
 Interaction (ERP x Distance) mean = 1537.6, min. = 6.91, max. = 7754. 
          Histogram plots and Kolmogorov–Smirnov and Shapiro–Wilk tests of normality indicated 
some variables were not normally distributed (p < 0.00). Variables not normally distributed were 
transmitter power (kW), transmitter elevation (AMSL), transmitter azimuth, and distance.  The 
variables of path loss and predicted signal strength were normally distributed, and the variables 
of test site elevation, elevation angle, and actual signal level (dBm) varied based on how the data 
was grouped (whole, BRPP, VRPP). 
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Figure 12. Rose diagrams of FM transmitter azimuths used in the study: (A) All transmitter 
azimuths, (B) Blue Ridge Physiographic Province, (C) Valley and Ridge Physiographic Province 
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Table 2. Descriptive statistics of factors that influence signal strength 
                              Descriptive Statistics 
Tests of 
Normality 
      Max   Min      Ave     Med  St Dev  Skew  Stat  P (sig) 
Transmit 
Power 
Whole  81.00  0.27  24.75  15.00  25.68  1.01  0.82  0.00 
Valley Ridge  81.00  0.27  26.93  15.00  28.74  0.94  0.79  0.00 
Blue Ridge  81.00  0.27  23.79  17.00  23.73  0.96  0.86  0.00 
             
Transmitter 
AMSL 
Whole  2056.00  478.00  1126.74  1064.00  453.86  0.73  0.90  0.00 
Valley Ridge  2022.00  478.00  1001.55  981.00  348.99  1.10  0.89  0.00 
Blue Ridge  2056.00  478.00  1205.65  1100.00  482.83  0.42  0.91  0.00 
             
Transmitter 
Azimuth 
Whole  244.29  65.29  147.01  144.89  60.11  0.24  0.90  0.00 
Valley Ridge  244.29  65.29  148.10  144.89  68.72  0.24  0.86  0.00 
Blue Ridge  244.29  65.29  144.95  144.89  53.35  0.24  0.93  0.01 
             
Test Site 
Elevation 
Whole  1085.00  237.00  555.43  534.50  215.91  0.50  0.94  0.00 
Valley Ridge  756.00  237.00  432.49  382.00  148.18  0.92  0.90  0.00 
Blue Ridge  1085.00  244.00  655.74  657.00  209.95  0.00  0.97  0.24 
  
Elevation 
Angle 
Whole  3.59  0.02  1.00  0.85  0.70  1.36  0.90  0.00 
Valley Ridge  2.10  0.23  0.98  0.92  0.44  0.88  0.95  0.12 
Blue Ridge  3.59  0.02  0.99  0.67  0.84  1.33  0.87  0.00 
             
Distance 
Whole  100.26  22.35  62.06  63.62  27.08  ‐0.07  0.89  0.00 
Valley Ridge  100.26  22.35  68.07  77.84  30.18  ‐0.35  0.81  0.00 
Blue Ridge  99.91  23.04  57.01  52.81  22.83  ‐0.08  0.90  0.00 
             
Path Loss 
Whole  188.00  98.30  135.32  135.90  19.86  0.22  0.99  0.54 
Valley Ridge  188.00  99.00  138.12  138.20  19.27  0.45  0.98  0.73 
Blue Ridge  173.00  98.30  133.59  131.70  19.82  0.04  0.97  0.47 
             
Interaction 
(ERP x Dist) 
Whole  8121.06  5.92  1536.20  954.23  695.25  ‐0.07  0.73  0.00 
Valley Ridge  8121.06  5.92  1832.65  1167.60  867.47  ‐0.32  0.64  0.00 
Blue Ridge  8092.71  6.11  1355.86  897.77  541.61  ‐0.08  0.77  0.00 
             
Field Site 
(dBm) 
Whole  ‐43.00  ‐105.00  ‐85.65  ‐87.50  14.44  0.54  0.95  0.01 
Valley Ridge  ‐43.00  ‐105.00  ‐84.03  ‐83.00  15.00  0.54  0.96  0.21 
Blue Ridge  ‐57.00  ‐105.00  ‐87.16  ‐90.00  13.89  0.59  0.94  0.02 
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Correlation Between Variables 
         A Spearman’s Rho test was performed for the variables ERP, AAMSL, test site elevation, 
elevation angle, distance, and path loss, as the majority of the data were not normally distributed. 
The correlations between these variables are shown in Table 3.  
          Variables which influence signal strength are elevation angle, distance, and path loss; these 
correlations were found across the whole study area and in each physiographic province. Test 
site elevation, and transmitter power influenced signal strength in the study area as a whole, but 
not separately in the physiographic provinces.  
          The strongest correlations among the variables were test site elevation with transmit 
azimuth, elevation angle with transmitter elevation (AAMSL), and path loss with distance. These 
were recognized as the strongest correlated variables because they are significant across the 
entire area, as well as significant within each physiographic province.  
          The correlations between elevation angle with test site elevation, path loss with transmitter 
height (AAMSL), path loss with test site elevation, and path loss with elevation angle were 
significant across the entire study area, and in the BRPP.  
          The correlations between transmit azimuth with transmitter power (ERP), and distance 
with elevation angle were significant only in the BRPP, and the correlation between distance 
with transmitter elevation (AAMSL) was only significant in the VRPP. 
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Table 3. Spearman Rho Correlations of Variables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ERP (kW) AAMSL (m) Azimuth (deg) 
Test Site 
Elevation 
Elevation Angle 
(deg) Distance (km) Path Loss (dB) 
  Corr. Coe. (Sig.) Corr. Coe (Sig.). Corr. Coe. (Sig.) Corr. Coe. (Sig.) Corr. Coe. (Sig.) Corr. Coe. (Sig.) Corr. Coe. (Sig.) AAMSL (m) Whole 0.132(.257)       
 Blue Ridge 0.15 (0.336)        
 Valley & Ridge 0.182 (0.303)                 
Transmit Azimuth (deg) Whole -0.162 (0.161) 0.032 (0.787)      
 Blue Ridge -0.328 (0032) 0.184 (0.237)      
 Valley & Ridge 0.007 0.97 -0.177 (0.317)      
         Test Site Elevation (m) Whole 0.003 (0.98) 0.052 (0.658) -0.379 (0.001)     
 Blue Ridge 0.033 (0.831) -0.152 (0.331) -0.317 (0.038)     
 Valley & Ridge 0.125 (0.48) 0.093 (0.602) -0.664 (0.01)              
Elevation Angle Whole 0.132 (0.255) 0.714 (0.01) 0.177 (0.126) -0.443 (0.01)     
 Blue Ridge 0.091 (0.563) 0.824 (0.01) 0.234 (0.13) -0.502 (0.001)    
 Valley & Ridge 0.18 (0.309) 0.727 (0.01) 0.058 (0.745) -0.215 (0.222)             
Distance (km) Whole -0.027 (0.817) 0.036 (0.755) -0.016 (0.89) 0.023 (0.847) -0.185 (0.109 
Blue Ridge 0.008 (0.96) -0.121 (0.441) -0.063 (0.686) 0.175 (0.262) -0.325 (0.034) 
 Valley & Ridge -0.026 (0.884) 0.368 (0.032) 0.025 (0.888) 0.086 (0.63) -0.004 (0.982)   
         Path Loss (dB) Whole -0.068 (0.56) -0.311 (0.006) -0.132 (0.254) 0.286 (0.012) -0.531 (0.01) 0.713 (0.01)  
 Blue Ridge -0.073 (0.651) -0.507 (0.001) -0.207 (0.195) 0.481 (0.001) -0.701 (0.01) 0.728 (0.01)  
 Valley & Ridge -0.082 (0.643) 0.035 (0.845) -0.139 (0.434) 0.238 (0.175) -0.299 (0.193) 0.71 (0.01)           
Actual Measurement (dBm) Whole 0.278 (0.015) 0.208 (0.071) 0.045 (0.702) -0.319 (0.005) 0.461 (0.01) -0.548 (0.01) -0.582 (0.01) 
 Blue Ridge 0.264 (0.087) 0.294 (0.056) -0.151 (0.335) -0.207 (0.183) 0.467 (0.002) -0.58 (0.01) -0.613 (0.01) 
 Valley & Ridge 0.24 (0.171) 0.103 (0.563) 0.204 (0.247) -0.281 (0.108) 0.42 (0.013) -0.579 (0.01) -0.528 (0.001) 
         
  
Significant at 
the 0.05 level        
         
  
Significant at 
the 0.01 level        
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Regression Models 
          Stepwise Backward Ordinary Linear Regression (OLS) was used in SPSS with the seven 
variables listed in Table 3 with data from 76 receiver locations. Each time the OLS model ran, 
variables were excluded to give a higher adjusted R2 value. The model ran in four steps and the 
fourth step model was statistically significant (p <0.05).  The final adjusted R2 value was 0.52.  
Variables found to be the greatest predictors of signal strength were transmitter power (Watts), 
test site elevation (m), elevation angle (°), and distance (km). The weight, or influence, of each 
of the four variables in the final model was also calculated, along with a constant term. The 
residuals plot from the regression analysis showed a random pattern, and was normally 
distributed (Figure 13 and 14).  
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Figure 13. Residual plot from regression analysis of study area  
 
Figure 14. The normal distribution of the standardized residuals for the study area 
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The OLS model equation for signal strength at any given location is therefore: 
Y = 0.145 ERP – 0.011 elevation + 6.172 elevation angle – 0.245 distance – 73.868 
Therefore, the unknown variable Y, signal strength of any FM transmitter (dBm), can be 
estimated for any location as long as the transmitter power, elevation angle, and distance 
between transmitter and receiver are known. This model indicates that 52% of the variability in 
the prediction of signal strength can be attributed to these four factors.  
OLS Regression was performed using only test sites in VRPP (N=33). The variables found to be 
significant were transmitter power, elevation angle, and distance.  The equation for predicting 
FM signal strength in the VRPP was found to be: 
Y = 0.140 ERP + 12.03 elevation angle – 0.271 distance – 81.119 
The model was significant and the adjusted R2 value for this model equation was 0.604, meaning 
60.4% of the variability of signal strength in the VRPP can be estimated using these three 
variables.  The residuals plot was normally distributed and random (Figures 15 and 16). 
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Figure 15. Residual plot from regression analysis of Valley and Ridge sites 
 
Figure 16. The normal distribution of the standardized residuals for Valley and Ridge sites 
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          Another OLS regression was performed only using test site data from the mountainous 
BRPP (N = 43). Here, the significant variables were elevation angle and distance. The equation 
for predicting FM signal strength in the BRPP was: 
Y = 6.813 elevation angle – 0.226 distance – 80.603 
The model was significant and the adjusted R2 value for this model equation was 0.437, meaning 
elevation angle and distance could explain 43.7% of the variability in radio signal strength 
estimation in the BRPP. The residuals plot was normally distributed and random (Figures 17 and 
18). 
 
 
 
 
 
 46 
     
 
Figure 17. Residual plot from regression analysis of Blue Ridge sites 
 
 
Figure 18. The normal distribution of the standardized residuals for Blue Ridge sites 
 
0
1
2
3
4
5
6
7
8
9
10
‐2 ‐1.5 ‐1 ‐0.5 0 0.5 1 1.5 2
Pre
dic
ted
 Ra
dio
 Sig
na
l (d
Bm
)
Standardized Residual
 47 
     
Model Validation 
          Fourteen receiver site locations were used to calculate the predicted signal strength using 
OLS Regression analysis model formulas. Radio Mobile was used to calculate elevation angle at 
each site (See Appendix C). Table 4 lists the 14 test site locations and the transmitter signal 
strengths and other data that accompany them.  
 
Table 4. Data for 14 locations chosen for model validation  
 
Both equations for the whole study area as well as for BRPP and VRPP were used. The adjusted 
R2 value for the overall equation was 0.5332. The residual plot (Figure 19) was randomly 
distributed.  For the BRPP and its signal strength prediction formula, the adjusted R2 value was 
0.266 (Figure 20).  For the VRPP and its signal strength prediction formula, the adjusted R2 value 
was 0.800 (Figure 21).  For all cases the residuals were randomly distributed.  
 48 
     
 
Figure 19. Residual Plot of overall equation vs. actual signal strength 
 
Figure 20. Residual plot of Blue Ridge equation vs. actual signal strength 
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Figure 21. Residual plot of Valley and Ridge equation vs. actual signal strength 
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distance factor. The unevenness of the signal strength color scheme is due to the model 
incorporating the elevation raster surface.  
 
Figure 22. ArcGIS signal strength prediction model extending out 100 km from WETS 
transmitter 
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CHAPTER 4 
DISCUSSION 
Signal Strength Comparison 
          The most significant feature in measured signal strength versus predicted signal strength is 
that predictions made by Radio Mobile were overestimated at all distance levels and in both 
physiographic provinces. A greater error in signal strengths existed at closer distances as 
opposed to farther distances from the transmitter locations. One possible explanation for Radio 
Mobile’s overestimation of signal strength could be due to default values accepted for some input 
variables in the modelling process due to information that was unknown or unavailable. Default 
values provided by the program for transmitter and receiver line loss and gain were accepted 
because exact values were not known. Line loss is energy loss through power lines or 
distribution systems. Gain describes to what extent a transmitter converts input power to radio 
waves; in a receiver, it describes to what extent the antenna converts radio waves into electrical 
power.  Another possible explanation for overprediction of signal strength may be that Radio 
Mobile does not take into account the presence of buildings and other man-made structures in the 
transmission path. At many test site locations there were buildings in close proximity, even 
though every effort was made to be as far away from obstructions as possible. Man-made 
structures can reflect and obstruct FM radio signals which can lessen the received signal strength 
at a location (Eichie et al. 2015).  
          Signal strength comparison between the Blue Ridge and Valley and Ridge provinces 
showed similar trends where signal strength gradually weakened with distance, as expected. 
However, at the 25 km test sites, signal strength was noticeably less in the Blue Ridge sites than 
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the Valley and Ridge sites. This is likely due to topographic factors where mountains and ridges 
block or reflect signals. There are less opportunities for line-of-sight communication between 
transmitter and receiver in the BRPP. Statistically, there was no difference in signal strength at 
varying distances across each province, even though topographic differences are evident. This 
can likely be attributed to two factors; first, proper adjustments and settings to radio transmitters 
were made by engineers during design and construction to overcome topographic challenges for 
specific targeted areas, i.e. transmitter azimuth. Second, little difference in signal strength was 
observed in each province because the nature of FM radio waves is such that it is versatile and 
reliable in many different settings. This is probably why FM frequencies of 88-108 MHz were 
chosen by the FCC for commercial broadcasting in the U.S. in the mid-20th century. 
Factors Affecting Signal Strength 
       Statistical analyses show that the most significant factors found to affect signal strength in 
the study area were ERP, test site elevation, elevation angle, and distance. This is a reasonable 
finding because (i) the higher ERP of a transmitter, the farther the transmitter’s reach, (ii) a 
transmitted radio signal naturally decreases in strength the farther it travels from its transmitter, 
(iii) a receiving antenna placed at a higher elevation will receive more and stronger signals than 
one placed at a low elevation, and (iv) the height of a transmitter affects the angle of signal 
radiation. The elevation angle of a transmitted signal is a primary factor that determines effective 
communication distances (Straw and Hall 1999). 
          There was a slight difference as to which variables were significant in each topographic 
setting. In the VRPP, the primary signal strength factors were ERP, elevation angle, and 
distance. In the BRPP, the primary signal strength factors were elevation angle and distance. The 
absence of ERP as a primary signal strength factor in the BRPP is likely due to its more extreme 
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topography. Elevation angle and distance are spatial in nature whereas ERP is not. This is simply 
saying that the ERP of a transmitter has less of an influence on received signal strength in a 
mountainous setting than in a valley and ridge setting. In settings such as the VRPP, radio signals 
can travel longer distances more effectively because there are less topographic obstructions, as 
opposed to the mountainous BRPP. Transmitter power has a stronger influence in flatter 
topography.     
          Comparison of the R2 values of signal strength predictions between the two physiographic 
provinces shows that the Valley and Ridge model explained 60.4% of the variability, while the 
Blue Ridge model explained 43.7% of the variability. Less variability is explained in the Blue 
Ridge model because of the more extreme topography where there are greater chances for 
obstructions to hinder radio wave propagation such as mountains, ridge tops, and tree canopies. 
This study did not detail the effects of obstructions and land cover on radio waves, but it is 
reasonable to state that these variables account for the uncertainty in the models created for this 
study. 
Explanation of Model Validation Results 
          Results from the model validation (Table 5) show that the statistical equations are valid 
and can predict signal strengths of FM radio waves over varying distances with differing degrees 
of accuracy. The Valley and Ridge produced the higher R2 results due to the fact that the 
topography is not extreme, and there are large expanses of relatively flat terrain which allow 
radio signals to travel with minimal signal loss, therefore making signal strength prediction more 
precise than in the Blue Ridge province. 
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          The Blue Ridge signal strength validation produced the least accurate result.  This can be 
attributed to the mountainous topography of the area. Here, line of sight distances are reduced 
because of mountains and tree lines, making it more difficult to predict signal strengths, 
especially in valley locations.   
          The validation result for the whole study area produced accuracy of signal strength 
prediction between that of the Blue Ridge and Valley and Ridge formulas because it is taking 
into account equal parts of both regions.  
 
Table 5. Summary of training and test data OLS regression 
Training Data 
Setting Variable R² Equation 
Whole Power, test site 
elevation, elevation 
angle, distance 
0.520 Y=0.145 ERP - 0.011 elevation + 6.172 elevation angle - 0.245 distance - 73.868 
 
Valley and Ridge Power, elevation 
angle, 
distance 
0.604 Y = 0.140 ERP + 12.03 elevation angle - 0.271 distance - 81.119  
Blue Ridge Elevation angle, 
distance 
0.437 Y = 6.813 elevation angle - 0.226 distance - 80.603  
Test Data 
Whole Power, test site 
elevation, elevation 
angle, distance 
0.533 Y=0.145 ERP - 0.011 elevation + 6.172 elevation angle - 0.245 distance - 73.868 
 
Valley and Ridge Power, elevation 
angle, 
distance 
0.800 Y = 0.140 ERP + 12.03 elevation angle - 0.271 distance - 81.119  
Blue Ridge Elevation angle, 
distance 
0.266 Y = 6.813 elevation angle - 0.226 distance - 80.603 
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Explanation of GIS Model Output 
          Despite a realistic model output using the OLS model in ArcGIS, an elevation angle raster 
layer could not be created due to lack of data and time constraints, and therefore was not 
incorporated into the model. The equation chosen for GIS modeling was: 
Y = 0.145 ERP – 0.011 elevation + 6.172 elevation angle – 0.245 distance – 73.868 
Because the elevation angle raster could not be successfully created, the equation entered into the 
Raster Calculator in ArcMap which resulted in the output was: 
Y = 0.145 ERP – 0.011 elevation – 0.245 distance – 73.868 
This variant of the overall equation was chosen for ArcMap modeling because the equations 
created for the BRPP and VRPP did not indicate elevation as a predicting variable. When entered 
into ArcMap, these equations did not create a final prediction map that could be interpreted 
properly. 
Limitations 
          There were several limitations that were encountered during the study. The first involves 
limitations within Radio Mobile software. While it would have been ideal to have the highest 
resolution ground data possible, such as LiDAR, Radio Mobile uses a DEM based on SRTM 
data. The SRTM data contains not only ground height, but also clutter height, such as forests, 
houses, and structures. Together they form the composite data that is the SRTM data. Due to the 
limitations of radar resolution, objects smaller than 30 x 30 meters do not show detail. This, 
however, does not affect radio propagation models that span large areas such as in this study. 
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          The second limitation involved time and data collection. As with any experiment or study 
involving data analysis, more samples give better results. If it had been possible to devote more 
time to this thesis, more locations could have been chosen for propagation modeling in Radio 
Mobile. This, in turn, would have led to more data collection points in the field for signal 
strength acquisition. While the models created in this study proved to have useful accuracy, they 
might have been improved if eight, twelve, or sixteen signal strength measurements could have 
been taken for each transmitter rather than four. 
          A third limitation to consider is the layout of the road network in the study area. Because 
of the northeast-southwest trending ridges and valleys, there are limited northwest-southeast 
trending roads and highways. This may have introduced slight bias in the selection of field test 
sites. Due to a number of reasons, it was impossible to venture off paved surfaces while in the 
field.  
          A fourth limitation involved using ArcGIS 10.4 for the OLS regression model. The 
inability to create a raster surface representing elevation angle was encountered. When the 
equation was entered into the raster calculator of ArcGIS, an omission of the elevation angle and 
associated constant term was necessary since a proper surface could not be produced. 
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CHAPTER 5 
CONCLUSION 
          Radio signal propagation results were compared using Radio Mobile software based on the 
Longley-Rice propagation model and associated field data from two distinct topographic 
environments, the Valley and Ridge and Blue Ridge provinces. The results indicate that Radio 
Mobile software overpredicted the actual signal strength in the study area. Accuracy of signal 
strength prediction varied between 25 and 100 km, but no significant differences were found in 
signal strength between the physiographic provinces. 
          Three statistical models were created using OLS regression analysis to predict signal 
strength of FM radio waves based on factors including transmitter power, transmitter elevation, 
transmitter azimuth, test site elevation, elevation angle, distance, and path loss. Stepwise 
Backward Ordinary Linear Regression was performed on the predicting variables. Transmitter 
power, test site elevation, elevation angle, and distance from the transmitter were the significant 
factors controlling signal strength which explained an overall 52% variability in the model 
prediction. The model produced for the VRPP was slightly better than that produced for the 
BRPP. This could be due to the larger obstructions (topography or foliage) blocking propagation 
paths in the Blue Ridge Province. It should be noted that field data collection was performed 
between August and October 2017, part of the leaf-on season. For future research, it would be 
beneficial to visit the same field test sites during leaf-off season to determine if any signal losses 
can be attributed to foliage. 
          Many mathematical equations exist to aid researchers and engineers in the 
communications field but none were exclusively designed for FM signal strength prediction. In 
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this study, radio wave propagation model results and field strength tests in different topographic 
provinces provides the basis for regional FM signal strength equations. Using the same approach, 
each region could have its own unique FM signal strength prediction model based on province-
specific field data that could be used by radio engineers, broadcasters, advertisers, or anyone 
interested in estimating FM signal strength. These equations could be used for placement of 
future FM radio transmitters and reduce dependence on computer models.            
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APPENDICES 
APPENDIX A 
Test Site and Transmitter Data 
LAT  LONG  Station Tested 
dist 
level 
ERP 
(kW) 
AAMSL 
(meters) 
Transmit 
Azimuth (in 
degrees) 
Elevation 
(m) 
Elev 
angle 
(degrees) 
Test Site 
Province 
Transmitter 
Province 
35.70265  ‐82.578  WMIT   106.9  25  36  2056  136.98  645  3.239  B  B 
35.24898  ‐82.2034  WMIT   106.9  50  36  2056  136.98  328  1.929  B  B 
35.92314  ‐81.506  WMIT   106.9  75  36  2056  136.98  343  1.738  B  B 
36.57888  ‐82.5675  WMIT   106.9  100  36  2056  136.98  444  1.579  V  B 
35.75519  ‐83.9578  WWST  102.1  25  15  981  223.69  302  1.658  V  V 
36.09199  ‐84.1304  WWST  102.1  50  15  981  223.69  254  1.202  V  V 
35.17393  ‐83.3623  WWST  102.1  75  15  981  223.69  636  0.473  B  V 
36.3256  ‐82.8347  WWST  102.1  100  15  981  223.69  379  0.938  V  V 
36.71118  ‐82.7911  WRZK      95.9  25  7.4  841  65.29  418  1.338  V  V 
36.22371  ‐83.036  WRZK      95.9  50  7.4  841  65.29  336  0.834  V  V 
35.91622  ‐82.2824  WRZK      95.9  75  7.4  841  65.29  805  0.278  B  V 
37.06064  ‐81.7489  WRZK      95.9  100  7.4  841  65.29  699  0.717  V  V 
36.1684  ‐84.0859  WOFM    89.1  25  1.85  735  244.26  284  1.121  V  V 
35.87821  ‐84.5098  WOFM    89.1  50  1.85  735  244.26  237  0.521  V  V 
35.81668  ‐83.1409  WOFM    89.1  75  1.85  735  244.26  389  0.31  B  V 
36.41854  ‐82.9932  WOFM    89.1  100  1.85  735  244.26  427  0.639  V  V 
35.71855  ‐81.468  WMNC    92.1  25  25  478  78.16  368  0.596  B  B 
35.62046  ‐82.289  WMNC    92.1  50  25  478  78.16  773  0.053  B  B 
36.39073  ‐81.4813  WMNC    92.1  75  25  478  78.16  943  0.246  B  B 
36.38716  ‐82.4984  WMNC    92.1  100  25  478  78.16  498  0.618  V  B 
35.03384  ‐83.8156  WFQS      91.3   25  0.265  1681  233.65  572  2.477  B  B 
34.86967  ‐83.1533  WFQS      91.3   50  0.265  1681  233.65  528  1.453  B  B 
35.70249  ‐83.0411  WFQS      91.3  75  0.265  1681  233.65  741  1.115  B  B 
36.00871  ‐83.9735  WFQS      91.3  100  0.265  1681  233.65  313  1.418  V  B 
35.42825  ‐82.5022  WOXL      96.5  25  9.5  1064  159.06  638  1.142  B  B 
35.9154  ‐82.3003  WOXL      96.5  50  9.5  1064  159.06  860  0.644  B  B 
35.4237  ‐83.4466  WOXL      96.5  75  9.5  1064  159.06  541  0.664  B  B 
36.34231  ‐83.2778  WOXL      96.5  100  9.5  1064  159.06  354  1.034  V  B 
36.53447  ‐82.3894  WETS       89.5  25  66  1318  84.55  528  2.086  V  V 
36.02839  ‐81.892  WETS       89.5  50  66  1318  84.55  1084  0.32  B  V 
37.06102  ‐81.7497  WETS       89.5  75  66  1318  84.55  700  1.003  V  V 
36.01042  ‐83.0949  WETS       89.5  100  66  1318  84.55  401  0.921  V  V 
35.77708  ‐83.546  WGSN     90.7  25  1  1113  206.33  318  1.648  V  B 
35.5264  ‐82.9541  WGSN     90.7  50  1  1113  206.33  818  0.432  B  B 
36.52706  ‐83.6159  WGSN     90.7  75  1  1113  206.33  419  1.014  V  B 
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LAT  LONG  Station Tested 
dist 
level 
ERP 
(kW) 
AAMSL 
(meters) 
Transmit 
Azimuth (in 
degrees) 
Elevation 
(m) 
Elev 
angle 
(degrees) 
Test Site 
Province 
Transmitter 
Province 
36.48108  ‐82.495  WGSN     90.7  100  1  1113  206.33  428  0.97  V  B 
36.57708  ‐82.355  WTFM     98.5  25  74  1305  84.72  505  2.098  V  V 
36.20242  ‐81.6673  WTFM     98.6  50  74  1305  84.72  955  0.545  B  V 
35.81884  ‐82.5384  WTFM     98.7  75  74  1305  84.72  657  0.681  B  V 
36.91021  ‐81.2734  WTFM     98.8  100  74  1305  84.72  756  0.866  V  V 
36.16966  ‐83.2214  WZTH      91.1  25  17  502  168.28  361  0.671  V  V 
35.81838  ‐82.5382  WZTH      91.1  50  17  502  168.28  657  0.024  B  V 
35.47076  ‐83.3104  WZTH      91.1  75  17  502  168.28  613  0.123  B  V 
36.63723  ‐82.1106  WZTH      91.1  100  17  502  168.28  578  0.533  V  V 
35.64843  ‐82.0299  WNCW   88.7  25  17  2022  136.99  458  3.594  B  B 
35.29662  ‐82.4085  WNCW   88.7  50  17  2022  136.99  650  1.66  B  B 
36.19727  ‐81.6582  WNCW   88.7  75  17  2022  136.99  953  1.281  B  B 
36.59752  ‐82.5712  WNCW   88.7  100  17  2022  136.99  382  1.572  V  B 
36.18704  ‐84.0608  WUOT     91.9  25  81  793  244.29  284  1.225  V  V 
35.73185  ‐84.3897  WUOT     91.9  50  81  793  244.29  262  0.592  V  V 
35.56469  ‐83.333  WUOT     91.9  75  81  793  244.29  721  0.151  B  V 
36.27076  ‐82.9218  WUOT     91.9  100  81  793  244.29  360  0.686  V  V 
36.19662  ‐82.0657  WFHG      92.9  25  7.6  989  100.24  792  0.518  B  V 
36.63709  ‐82.5671  WFHG      92.9  50  7.6  989  100.24  411  0.903  V  V 
35.59626  ‐82.5348  WFHG      92.9  75  7.6  989  100.24  681  0.437  B  V 
36.82565  ‐81.5055  WFHG      92.9  100  7.6  989  100.24  674  0.717  V  V 
35.33665  ‐82.4721  WKSF       99.9  25  53  1784  167.52  645  2.506  B  B 
35.81795  ‐82.5381  WKSF       99.9  50  53  1784  167.52  657  1.764  B  B 
34.97996  ‐83.3837  WKSF       99.9  75  53  1784  167.52  649  1.119  B  B 
35.98592  ‐83.6064  WKSF       99.9  100  53  1784  167.52  302  1.446  V  B 
36.90303  ‐82.0606  WEHC      90.7  25  8.7  765  66.82  601  0.343  V  V 
36.90985  ‐81.2739  WEHC      90.7  50  8.7  765  66.82  755  0.232  V  V 
36.12647  ‐81.6718  WEHC      90.7  75  8.7  765  66.82  1085  0.148  B  V 
36.053  ‐82.5105  WEHC      90.7  100  8.7  765  66.82  709  0.328  B  V 
34.97334  ‐82.4281  WMYI    102.5  25  44  1079  144.89  327  2.143  B  B 
34.70691  ‐82.7603  WMYI    102.5  50  44  1079  144.89  244  1.215  B  B 
35.81811  ‐82.5382  WMYI    102.5  75  44  1079  144.89  657  0.965  B  B 
35.91079  ‐83.1857  WMYI    102.5  100  44  1079  144.89  356  1.128  V  B 
36.51923  ‐81.9284  WEXX      99.3  25  4.4  802  86.93  850  0.129  V  V 
36.63471  ‐82.6497  WEXX      99.3  50  4.4  802  86.93  442  0.73  V  V 
36.22462  ‐83.045  WEXX      99.3  75  4.4  802  86.93  350  0.661  V  V 
35.73999  ‐81.5263  WEXX      99.3  100  4.4  802  86.93  381  0.55  B  V 
35.471  ‐82.8902  WCQS     88.1  25  1.6  1100  160.5  814  0.688  B  B 
35.24659  ‐82.3297  WCQS     88.1  50  1.6  1100  160.5  617  0.674  B  B 
36.04628  ‐83.3407  WCQS     88.1  75  1.6  1100  160.5  335  1.066  B  B 
36.14626  ‐81.7969  WCQS     88.1  100  1.6  1100  160.5  976  0.603  B  B 
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LAT  
 
35.87329 
LONG 
  
‐82.5441 
Station Tested 
 
 WKSF       99.9 
dist 
level  
 
53 
ERP 
(kW) 
 
53 
AAMSL 
(meters) 
 
1784 
Transmit 
Azimuth (in 
degrees) 
 
167.52 
Elevation 
(m) 
 
891 
Elev 
angle 
(degrees) 
 
1.489 
Test Site 
Province 
 
 B 
Transmitter 
Province 
  
B 
35.67307  ‐82.581  WMIT    106.9  27  36  2056  136.98  654  2.923  B  B 
35.58727  ‐82.5967  WESC      92.5  50  95  1274  188.97  623  1.043  B  B 
35.56429  ‐82.6288  WKSF       99.9  19  53  1784  167.52  656  3.758  B  B 
35.55784  ‐82.6401  WTPT       93.3  49  93  1041  167.01  642  0.327  B  B 
35.48118  ‐82.5527  WSPA      98.9  42  100  1016  171.68  649  0.433  B  B 
35.4452  ‐82.5372  WOXL      96.5  22  9.5  1064  159.06  669  1.231  B  B 
36.40286  ‐82.4795  WXBQ      96.9  31  75  1308  29.85  492  1.345  V  V 
36.33941  ‐82.3763  WETS       89.5  23  66  1318  84.55  498  2.025  V  V 
36.55102  ‐82.4934  WEXX      99.3  30  4.4  802  86.93  380  0.982  V  V 
36.52958  ‐82.5227  WIMZ     103.5  116  79  875  277.43  396  0.786  V  V 
36.50529  ‐82.5538  WUOT      91.9  142  81  793  244.29  396  0.778  V  V 
36.52704  ‐82.686  WETS       89.5  50  66  1318  84.55  377  1.386  V  V 
36.62964  ‐82.5511  WTFM      98.5  43  74  1305  84.72  386  1.516  V  V 
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APPENDIX B. 
Radio Mobile Output Windows for Test Sites 
 
The following figures are Radio Link model output windows from Radio Mobile. In each figure, 
at the top of each image are three rows of numerical data which are the output statistics for each 
location. Beneath these data is an exaggerated topographic profile image of the radio signal 
being transmitted from the tower (left) and being received (right). At bottom left of each image 
are transmitter inputs, at bottom right are receiver inputs. 
 
 
Figure 1. Radio Link results for WCQS at 25 km from the transmitter. 
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Figure 2. Radio Link results for WCQS at 50 km from the transmitter. 
 
Figure 3. Radio Link results for WCQS at 75 km from the transmitter. 
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Figure 4. Radio Link results for WCQS at 100 km from the transmitter. 
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Figure 5. Radio Link results for WEHC at 25 km from the transmitter. 
 
Figure 6. Radio Link results for WEHC at 50 km from the transmitter. 
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Figure 7. Radio Link results for WEHC at 75 km from the transmitter. 
 
Figure 8. Radio Link results for WEHC at 100 km from the transmitter. 
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Figure 9. Radio Link results for WETS at 25 km from the transmitter. 
 
Figure 10. Radio Link results for WETS at 25 km from the transmitter. 
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Figure 11. Radio Link results for WETS at 75 km from the transmitter. 
 
 
Figure 12. Radio Link results for WETS at 100 km from the transmitter. 
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Figure 13. Radio Link results for WEXX at 25 km from the transmitter. 
 
 
Figure 14. Radio Link results for WEXX at 50 km from the transmitter. 
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Figure 15. Radio Link results for WEXX at 75 km from the transmitter. 
 
 
Figure 16. Radio Link results for WEXX at 100 km from the transmitter. 
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Figure 17. Radio Link results for WFHG at 25 km from the transmitter. 
 
Figure 18. Radio Link results for WFHG at 50 km from the transmitter. 
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Figure 19. Radio Link results for WFHG at 75 km from the transmitter. 
 
 
Figure 20. Radio Link results for WFHG at 100 km from the transmitter. 
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Figure 21. Radio Link results for WFQS at 25 km from the transmitter. 
 
Figure 22. Radio Link results for WFQS at 50 km from the transmitter. 
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Figure 23. Radio Link results for WFQS at 75 km from the transmitter. 
 
 
Figure 24. Radio Link results for WFQS at 100 km from the transmitter. 
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Figure 25. Radio Link results for WGSN at 25 km from the transmitter. 
 
 
Figure 26. Radio Link results for WGSN at 50 km from the transmitter. 
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Figure27. Radio Link results for WGSN at 75 km from the transmitter. 
 
 
Figure 28. Radio Link results for WGSN at 100 km from the transmitter. 
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Figure 29. Radio Link results for WKSF at 25 km from the transmitter. 
 
Figure 30. Radio Link results for WKSF at 50 km from the transmitter. 
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Figure 31. Radio Link results for WKSF at 75 km from the transmitter. 
 
 
Figure 32. Radio Link results for WKSF at 100 km from the transmitter. 
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Figure 33. Radio Link results for WMIT at 25 km from the transmitter. 
 
Figure 34. Radio Link results for WMIT at 50 km from the transmitter. 
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Figure 35. Radio Link results for WMIT at 75 km from the transmitter. 
 
 
Figure 36. Radio Link results for WMIT at 100 km from the transmitter. 
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Figure 37. Radio Link results for WMNC at 25 km from the transmitter. 
 
 
Figure 38. Radio Link results for WMNC at 50 km from the transmitter. 
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Figure 39. Radio Link results for WMNC at 75 km from the transmitter. 
 
 
Figure 40. Radio Link results for WMNC at 100 km from the transmitter. 
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Figure 41. Radio Link results for WMYI at 25 km from the transmitter. 
 
Figure 42. Radio Link results for WMYI at 50 km from the transmitter. 
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Figure 43. Radio Link results for WMYI at 75 km from the transmitter. 
 
 
Figure 44. Radio Link results for WMYI at 100 km from the transmitter. 
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Figure 45. Radio Link results for WNCW at 25 km from the transmitter. 
 
Figure 46. Radio Link results for WNCW at 50 km from the transmitter. 
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Figure 47. Radio Link results for WNCW at 75 km from the transmitter. 
 
 
Figure 48. Radio Link results for WNCW at 100 km from the transmitter. 
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Figure 49. Radio Link results for WOFM at 25 km from the transmitter. 
 
 
Figure 50. Radio Link results for WOFM at 50 km from the transmitter. 
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Figure 51. Radio Link results for WOFM at 75 km from the transmitter. 
 
 
Figure 52. Radio Link results for WOFM at 100 km from the transmitter. 
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Figure 53. Radio Link results for WOXL at 25 km from the transmitter. 
 
 
Figure 54. Radio Link results for WOXL at 50 km from the transmitter. 
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Figure 55. Radio Link results for WOXL at 75 km from the transmitter. 
 
 
Figure 56. Radio Link results for WOXL at 100 km from the transmitter. 
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Figure 57. Radio Link results for WRZK at 25 km from the transmitter. 
 
 
Figure 58. Radio Link results for WRZK at 50 km from the transmitter. 
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Figure 59. Radio Link results for WRZK at 75 km from the transmitter. 
 
 
Figure 60. Radio Link results for WRZK at 100 km from the transmitter. 
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Figure 61. Radio Link results for WTFM at 25 km from the transmitter. 
 
 
Figure 62. Radio Link results for WTFM at 50 km from the transmitter. 
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Figure 63. Radio Link results for WTFM at 75 km from the transmitter. 
 
 
Figure 64. Radio Link results for WTFM at 100 km from the transmitter. 
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Figure 65. Radio Link results for WUOT at 25 km from the transmitter. 
 
 
Figure 66. Radio Link results for WUOT at 50 km from the transmitter. 
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Figure 67. Radio Link results for WUOT at 75 km from the transmitter. 
 
 
Figure 68. Radio Link results for WUOT at 100 km from the transmitter. 
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Figure 69. Radio Link results for WWST at 25 km from the transmitter. 
 
 
Figure 70. Radio Link results for WWST at 50 km from the transmitter. 
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Figure 71. Radio Link results for WWST at 50 km from the transmitter. 
 
 
Figure 72. Radio Link results for WWST at 100 km from the transmitter. 
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Figure 73. Radio Link results for WZTH at 25 km from the transmitter. 
 
 
Figure 74. Radio Link results for WZTH at 50 km from the transmitter. 
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Figure 75. Radio Link results for WZTH at 75 km from the transmitter. 
 
 
Figure 76. Radio Link results for WZTH at 100 km from the transmitter. 
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APPENDIX C 
Radio Mobile Output Windows for Test Validation Sites 
 
The following figures are Radio Link model output windows from Radio Mobile.These 14 sites 
were used in field validation. In each figure, at the top of each image are three rows of numerical 
data which are the output statistics for each location. Beneath these data is an exaggerated 
topographic profile image of the radio signal being transmitted from the tower (left) and being 
received (right). At bottom left of each image are transmitter inputs, at bottom right are receiver 
inputs. 
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Figure 1. Radio Link results for WXBQ at 31 km from the transmitter. 
 
Figure 2. Radio Link results for WETS at 24 km from the transmitter. 
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Figure 3. Radio Link results for WKSF at 53 km from the transmitter. 
 
Figure 4. Radio Link results for WMIT at 27 km from the transmitter. 
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Figure 5. Radio link results for WESC at 50 km from the transmitter. 
 
Figure 6. Radio Link results for WKSF at 19 km from the transmitter. 
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Figure 7. Radio Link results for WTPT at 48 km from the transmitter. 
 
Figure 8. Radio Link results for WSPA at 42 km from the transmitter. 
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Figure 9. Radio Link results for WOXL at 20 km from the transmitter. 
 
Figure 10. Radio Link results for WEXX at 31 km from the transmitter. 
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Figure 11. Radio Link results for WIMZ at 116 km from the transmitter. 
 
Figure 12. Radio Link results for WUOT at 142 km from the transmitter. 
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Figure 13. Radio Link results for WETS at 50 km from the transmitter. 
 
Figure 14. Radio Link results for WTFM at 43 km from the transmitter. 
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